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50 The Journal of Thoracic and Cardiobjective: South Asian ethnicity might result in a higher atherosclerotic vascular
isk compared with white ethnicity. However, the effect of South Asian ethnicity on
linical outcomes after cardiac surgery is unknown. Thus, we determined whether
outh Asian ethnicity is a predictor of a poorer outcome after coronary artery bypass
rafting.
ethods: We examined data from 6177 South Asian and white patients who
nderwent coronary artery bypass grafting at the Toronto General Hospital from
anuary 1994 through June 2003 and used propensity score matching techniques to
nalyze 917 patients from each group in more detail. Patients were matched for age,
ex, body surface area, left ventricular ejection fraction, New York Heart Associ-
tion class, previous cardiac surgery, number of diseased vessels, and other factors.
ndependent predictors of operative morbidity and mortality were determined by
eans of multivariate logistic regression.
esults: Overall operative mortality was 1.8%. Mortality was higher in South Asian
atients than in white patients (2.5% vs 1.1%, P  .02). Postoperative morbidity
eg, myocardial infarction, sepsis, sternal wound infection, postoperative hospital
tay, and use of inotropes) also was higher in the South Asian group. In addition to
he standard independent predictors of mortality, South Asian ethnicity was an
ndependent predictor of mortality (odds ratio, 3.1; 95% confidence interval, 1.4-6.8).
onclusions: These data indicate that South Asian ethnicity per se is an independent
redictor of a poorer outcome after coronary artery bypass grafting and suggest that
thnicity is a cardiovascular risk factor that should be considered when assessing
linical outcomes preoperatively before coronary artery bypass grafting or other
nterventional revascularization procedures.
here is increasing evidence that ethnicity per se is an important determinant
of overall atherosclerotic coronary artery disease. Specifically, a number of
studies suggest that South Asian patients (namely persons originating from
ndia, Pakistan, Bangladesh, and Sri Lanka) have a higher incidence of coronary
eart disease (CHD) than white patients.1-5 It has been suggested that the higher
ncidence of CHD can be attributed, in part, to differences in insulin resistance,
rocoagulant plasma levels, homocysteine, and exercise. Ethnic diversity also appears
o be an independent predictor of CHD risk when these factors are matched between
he different ethnic groups.1-10
More than 500,000 revascularization procedures per year are performed in North
merica alone to restore blood flow to patients with CHD.11 Coronary artery bypass
rafting (CABG) in particular, albeit successful for most patients, is associated with
ignificant adverse side effects, the risk of which can be predicted preoperatively.12
he recent aforementioned studies concerning ethnicity raise the possibility thathe risks of these adverse side effects vary according to ethnic origin. Thus, both
vascular Surgery ● January 2007
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A
CDorbidity and mortality might be higher in South Asian
atients than in white patients after CABG. If so, ethnicity
hould be weighted as an independent predictor of potential
isks before proceeding with these interventional proce-
ures. Given the diversity in our Canadian population in
eneral and the large South Asian population in Toronto in
articular, we undertook to explore this issue in more detail.
ur specific objective was to determine whether being of
outh Asian origin was an independent predictor of a poorer
utcome after CABG.
aterials and Methods
atients
ll patients (14,747) who underwent CABG at the Toronto Gen-
ral Hospital between January 1, 1994, and June 30, 2003, were
nalyzed to identify Canadian South Asian and white patients in
ur study. Patients were identified as South Asian or white by 2
ndependent assessors, one being South Asian and one being
hite, using both first and last name criteria. All patients whose
rst or last name was in doubt were excluded. In addition, all
editerranean-sounding names (eg, Hispanic, Italian, and Greek)
nd nondistinctive names were excluded. Previous studies indicate
hat using both distinctive first and last name identification criteria
as a 94% to 100% sensitivity and a 95% to 100% specificity.13-15
o confirm the rigor of those results, 883 of these patients (445
white” patients and 438 “South Asian” patients, respectively)
ere randomly selected and sent a follow-up questionnaire by mail
o confirm (or refute) their ethnic identity as determined by the
ndependent assessors. This included asking each patient to specify
hether they were white (Canadian or British descent), South
sian (Indian, Pakistani, Bangladeshi, or Sri Lankan), of a mixed
ace or other ethnic background (eg, Chinese or Afro-American).
atients were only included if both parents were of the same ethnic
rigin. The follow-up response was 61% for both groups, (270
white” patients and 269 “South Asian” patients), thereby satisfy-
ng a sample size criteria with a 95% confidence level and a 5%
argin of error. The error rates in correctly identifying the eth-
icity were 1.5% in the white group and 1.1% in the South Asian
roup. These error rates are consistent with those reported in the
iterature.13-15
tudy Protocol
e performed a retrospective analysis of data collected prospec-
ively on 1163 Canadian South Asian patients and 5028 Canadian
hite patients.
The overall characteristics of both groups were identified to as-
ertain preoperative group differences. Propensity score matching
Abbreviations and Acronyms
CABG coronary artery bypass grafting
CHD  coronary heart disease
MI myocardial infarction
NYHA New York Heart Associationechniques were used to match patients between the South Asian and m
The Journal of Thoracichite groups because of the differences observed in preoperative
roup characteristics. The patients were matched for age, sex, body
urface area, left ventricular ejection fraction, New York Heart As-
ociation (NYHA) class, recent history of angina or myocardial
nfarction (MI), previous cardiac surgery, number of diseased
essels, timing of surgical intervention, family history, diabetes,
ypertension, preoperative stroke, peripheral vascular disease,
hock, syncope, renal failure, and left main disease.
tatistical Analysis
ll statistical analyses were conducted with SAS (Version 8.2)
oftware for Windows.16 Data on preoperative, intraoperative, and
ostoperative variables were collected by a trained database man-
gement group. Categoric variables were analyzed by using 2
nalysis or the Fisher exact test and were expressed as percentages.
ontinuous variables that had normal distribution were analyzed
y using the Student t test, and variables that had nonnormal
istribution were analyzed with the Wilcoxon rank test. All con-
inuous variables were expressed as means  standard deviation.
The objective of this analysis was to match the South Asian and
hite populations on preoperative characteristics and then evaluate
erioperative and postoperative outcomes between the matched
roups. Propensity-matched scoring methods were used to match
he patients from the 2 groups.17 Univariate comparisons were
ade between the unmatched and matched groups for categoric
nd continuous variables. Multivariate logistic regression methods
ere used to identify all independent predictors of hospital mor-
ality between the matched populations. The results of the multi-
ariable analysis are expressed as odds ratios and 95% confidence
ntervals.
Nine hundred seventeen (79%) of the 1163 South Asian pa-
ients initially identified could be matched with 917 white patients.
esults
he overall preoperative characteristics of both patient
roups are shown in Table 1. There were a number of
arked differences between the South Asian and white
atient populations. Generally, the South Asian patients
ere younger and smaller than the white population. Inter-
stingly, fewer South Asian patients had a family history of
HD. Their histories of previous angina, MI, and conges-
ive heart failure were similar.
The incidence of left main disease was lower in South
sian patients, but the proportion of Asian patients with
riple-vessel disease or previous reoperation was compara-
le. Left ventricular function was comparable between
outh Asian and white patients, but a higher percentage of
outh Asian patients were identified as being in NYHA
lass III or IV.
In addition, a higher percentage of South Asian patients
ere diabetic.
To eliminate the bias of these differences on the predic-
ors of adverse outcomes, 917 patients from each group
ere propensity score matched. Their overall characteristics
re shown in Table 2, indicating that both groups were well
atched.
and Cardiovascular Surgery ● Volume 133, Number 1 151
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A
CDThe perioperative and postoperative morbidity of the
ropensity score–matched patients are shown in Tables 3
nd 4. Thus when the preoperative characteristics of the
outh Asian and white patients were propensity score
ABLE 1. Overall preoperative characteristics in the study
opulations
ariable
White
patients,
n  5028
South Asian
patients,
n  1163 P value
ale sex 77.7% 77.9% NS
ge (y) 63.6 10 260.8 9 .0001
ody surface area (m2) 1.96 0.21 21.80 0.18 .0001
amily history 68.1% 254.4% .0001
YHA class III or IV 81.0% 184.1% .006
ongestive heart failure 9.6% 8.1% NS
nstable angina 97.1% 98.5% NS
rgent/emergency operation 47.2% 52.0% NS
edo CABG 5.6% 21.9% .0001
eft main disease 21.7% 27.8% .003
o. of diseased vessels (3) 76.3% 79.2% NS
V grade III or IV 22.9% 19.4% NS
rior MI (1 mo) 21.6% 25.7% NS
iabetes 24.8% 145.4% .0001
ypertension 54.8% 57.8% NS
yperlipidemia 69.3% 69.4% NS
eripheral vascular disease 17.7% 210.7% .0001
S, Not significant; NYHA, New York Heart Association; CABG, coronary
rtery bypass grafting; LV, left ventricular; MI, myocardial infarction.
ABLE 2. Overall preoperative characteristics of the pro-
ensity score–matched South Asian and white patients
ariable
White patients,
n  917
South Asian
patients, n  917
ale sex 76.5% 76.4%
ge (y) 61.5 11 61.3  9
ody surface area (m2) 1.82 0.18 1.82 0.19
amily history 57.8% 58.1%
YHA class III or IV 82.3% 83.0%
ongestive heart failure 8.2% 8.5%
nstable angina 63.7% 63.6%
rgent/emergency operation 50.0% 51.0%
edo CABG 2.2% 2.1%
eft main disease 17.6% 17.8%
o. of diseased vessels (3) 78.5% 77.5%
V grade III or IV 17.6% 17.8%
rior MI (1 mo) 23.8% 22.4%
iabetes 37.3% 39.4%
ypertension 56.7% 52.3%
yperlipidemia 68.5% 68.5%
eripheral vascular disease 10.8% 10.6%
here were no significant differences in preoperative characteristics in the
ropensity score–matched South Asian and white patients. NYHA, New
ork Heart Association; CABG, coronary artery bypass grafting; LV, left
entricular; MI, myocardial infarction. M
52 The Journal of Thoracic and Cardiovascular Surgery ● Januatched for preoperative characteristics, significant differ-
nces still remained. The South Asian patients were venti-
ated longer after surgical intervention and remained longer
n the intensive care unit and hospital.
Postoperatively, more South Asian patients had low out-
ut syndrome, MIs, and sternal wound infections than white
atients. Consistent with previous studies, the incidence of
troke was similar, as were the incidences of pulmonary
omplications and renal failure.
In-hospital mortality also was significantly higher in South
sian patients than in white patients (2.5% vs 1.1%, P .02.)
he independent predictors of these adverse effects are shown
n Table 5. Consistent with well-established data, increasing
ge, a history of unstable angina, hypertension, and a left
entricular ejection fraction of less than 40% were indepen-
ent predictors of mortality. More importantly from the
erspective of this study, being of South Asian origin also
as an important predictor of mortality.
iscussion
large number of patients successfully undergo CABG for
ardiac revascularization each year.11 Nonetheless, a small
ABLE 3. Perioperative characteristics of the propensity
core–matched South Asian and white populations
ariable
White
patients,
n  917
South Asian
patients,
n  917
P
value
istal grafts
1 1.9% 1.0% NS
2 9.4% 7.8% NS
3 88.8% 91.1% NS
ITA used 91.0% 88.9% NS
PB time (min SD) 84.5 29 85.5  31 NS
rossclamp time (min SD) 65.8 22 62.7  21 NS
entilation Time (h SD) 13.3 49 116.7 49 .001
CU stay (h SD) 42.9 76 148.2 66 .001
ostoperative stay (d SD) 7.2 5 17.8  6 .001
ITA, Left internal thoracic artery; CPB, cardiopulmonary bypass; SD,
tandard deviation; ICU, intensive care unit.
ABLE 4. Postoperative morbidity in the propensity score–
atched South Asian and white patients
ariable
White
patients
South Asian
patients P value
ow output syndrome 5.3% 17.7% .05
I 2.6% 14.3% .05
ternal wound infection 1.4% 12.7% .005
troke 1.3% 1.0% NS
ulmonary complications 6.5% 7.2% NS
enal failure 0.9% 1.9% NSI, Myocardial infarction; NS, not significant.
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A
CDut significant number of these patients experience a variety
f adverse side effects. Many of these side effects are
ssociated with comorbid conditions, such as diabetes, hy-
ertension, and hyperlipidemia.12 In addition, extraneous
actors, such as lifestyle and environment, are thought to
nfluence possible outcomes. The increasing evidence that
thnicity (ie, genetic make-up) also might influence athero-
clerosis and CHD in general1-10 suggests that ethnicity
tself should be factored in when assessing potential risks
ssociated with assorted medical and surgical intervention
rocedures. This latter suggestion is controversial, given the
erceived racial profiling concerns within our American and
anadian societies. In fact, our Canadian medical commu-
ity is not allowed to record race in a patient’s medical file.
he observations of the current study challenge the pru-
ence of that notion.
Specifically, we have provided solid evidence from a
arge number of patients that being of South Asian origin is
predictor of increased morbidity and mortality after car-
iac surgery. These observations are consistent with previ-
us studies that indicate that the incidence of CHD and
therosclerosis are higher in North American and European
atients of South Asian origin.5,10
It is not surprising that the incidence of sternal wound
nfections is high in South Asian patients, given their higher
iabetic and insulin-resistant comorbidities.1 As such, dia-
etes, insulin resistance, or both would be factored into their
reoperative assessment. When these factors were propen-
ity score matched, the incidence of sternal wound infec-
ions remained higher in South Asian patients than in white
atients. These observations indicate that ethnicity per se
xacerbates this adverse event.
Other studies suggest that there is a paradox in this
egard. Specifically, it has been report that South Asian
atients have less atherosclerosis than European patients but
ave a higher rate of cardiovascular disease.10 Those inves-
igators suggested that differences in plasma lipid levels and
lucose abnormalities affect differently the cause of cardio-
ascular events. They also found that South Asian ethnicity
tself was a strong and independent determinant of these
dverse events. Our study is not entirely consistent with
ABLE 5. Independent predictors of mortality in South
sian and white patients
ariable Odds ratio 95% Confidence interval
ncreasing age 1.1 1.05-1.15
nstable angina 1.9 1.2-3.0
ypertension 2.5 1.0-6.8
VEF 40% 12.2 3.3-44.9
outh Asian ethnicity 3.1 1.4-6.8
VEF, Left ventricular ejection fraction.hose observations. Although we found overall that our e
The Journal of Thoracicouth Asian population had less of a CHD family history
han our white population, more South Asian patients were
dentified as being in NYHA class III or IV. These obser-
ations indicated that the progression of atherosclerosis was
t least comparable, if not worse, in the South Asian patients
han in the white patients, particularly because the South
sian patients were significantly younger than the white
opulation. It is possible that this difference is explained
n part by the propensity score matching of a clearly defined
atient treatment population. Although we cannot exclude the
ossibility that there are specific glucose abnormalities in our 2
atient groups, again our propensity score–matching approach
actors out this possibility from ethnicity per se. In addition, it
ust be noted that mathematic propensity equilibration
ight not accurately reflect actual patient anatomy. The
emographics of both patient groups suggest that the South
sian patients have a higher prevalence of diffuse distal
isease than do white patients, which indeed could explain
hy South Asian patients appear to be at a higher risk.
ence it seems prudent that ethnicity should be recorded in
ach patient file and be recognized as a potential predictor
marker) of outcome after CABG and most likely of other
nterventional vascular procedures.
Finally, it should be noted that CABG is a successful and
eneficial revascularization treatment for South Asian pa-
ients, despite the higher incidence of certain adverse side
ffects. However, a better understanding of the role of
thnicity in cardiovascular disease might help us to better
ptimize both patient preoperative assessment and postop-
rative management. The latter recommendation seems in-
uitively obvious because there is increasing evidence that
he incidence of CHD and the risks of complicating risk
actors appear to vary markedly among ethnic groups, in-
luding not only South Asian and white patients but also
frican American and Asian patients.1-10 Preoperative lipid
nd glucose abnormalities should be meticulously con-
rolled to reduce postoperative morbidity in the South Asian
opulation. In addition, given that more South Asian pa-
ients were identified as being in NYHA class III or IV,
ptimal hemodynamic support with inotropic agents or an
ntra-aortic balloon pump might decrease the incidence of
ostoperative low output syndrome or MI.
There are some potential limitations to our study. We
ight have excluded some South Asian and white patients
ecause of nondefinitive names, thereby decreasing the
umber of patients analyzed, although this seems unlikely
iven our low error rate when identifying both white and
outh Asian patients. In addition, we cannot exclude the
ossibility that the apparent lack of a known CHD family
istory for some patients is because of poor documentation
n their originating country.
We thank all the cardiovascular surgeons at the Toronto Gen-
ral Hospital for allowing us to access their patient files. We also
and Cardiovascular Surgery ● Volume 133, Number 1 153
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